For a decade, mystery has surrounded the mechanisms by which piRNA biogenesis yields distinct size classes of small RNAs within individual PIWI proteins. In this issue of Cell, two studies shed light on this process, identifying conserved PARN-family exonucleases that trim piRNAs to their mature size in silkworms and C. elegans.
Parasitic elements pose a universal threat to the integrity of genomes. Uncontrolled propagation of transposons can produce a mutational burden that progressively reduces fitness, and consequently, organisms have evolved a variety of strategies to control mobile element activity. Animal germ cells depend upon small RNA pathways to distinguish self (protein-coding genes) from non-self (parasitic elements) at the genomic level. The definition of self is inherent in populations of small RNAs, piRNAs, that associate with PIWI proteins and direct these to silence transposons or other foreign DNA, either through post-transcriptional degradation or transcriptional silencing. A record of past transposon exposure is stored in piRNA clusters, genomic loci from which these species arise. In many animals, it is hypothesized that the key feature defining a transposon as such is its mobility. This ultimately, by chance, lands a copy of that element into a piRNA generative locus, thus adding its sequences to the organism's transposon dictionary.
Substantial efforts from many laboratories have built a conceptual framework for how piRNAs are made (for review, see Czech and Hannon, 2016) . In most animals studied to date, piRNA precursors are transcribed as large, non-coding RNAs and subsequently processed by nucleolytic cleavage into small RNAs. Though what marks RNAs for piRNA biogenesis is largely unknown, precursor transcripts do appear to be transported selectively to cytoplasmic processing sites called nuage/P-granules or Yb-bodies. There, cluster transcripts are cleaved into piRNA intermediates by the conserved, mitochondria-anchored endonuclease Zucchini (Zuc). Intermediates occupy PIWI proteins prior to 3 0 end maturation, with the initial 3 0 terminus of a pre-piRNA being generated in several ways (Han et al., 2015; Homolka et al., 2015; Mohn et al., 2015) . One is another cleavage by Zuc upstream of a U residue, leading to the production of roughly phased piRNAs. Other mechanisms depend upon cuts made by PIWI proteins themselves during the ping-pong cycle. Each of these can result in pre-piRNAs with 3 0 extensions that seem to vary by organism. For example, in Drosophila, Zuc leaves few, if any, additional nucleotides; whereas, in mouse and silkworm, extensions of 10-15 bases must be resected to give mature piRNA sizes (Han et al., 2015; Mohn et al., 2015) . It is precisely the mechanism of this final maturation step that is now clarified (Izumi et al., 2016; Tang et al., 2016) .
Several years ago, studies in silkworm extracts revealed an apparent exonucleolytic activity capable of trimming the 3 0 ends of extended piRNAs loaded into PIWI (Kawaoka et al., 2011) . Despite substantial effort, the enzyme responsible could not be retrieved from either biochemical purifications or large-scale genetic screens. In this issue of Cell, Izumi et al. (2016) and Tang et al. (2016) identify Trimmer/PARN-1, the silkworm and C. elegans enzymes, respectively, that trim the 3 0 ends of piRNA precursors to their mature sizes.
Many of the proteins currently implicated in piRNA biogenesis are present on the surface of mitochondria, including Zucchini (called mitoPLD in mouse) and Minotaur/GPAT2. Indeed, subcellular fractionation experiments by Izumi and colleagues find that the silkworm trimmer activity similarly resides with mitochondria (Izumi et al., 2016) . Interestingly, Papi is found in precisely the same fractions. Papi (Tdrkh in mouse) was previously linked to piRNA 3 0 end formation, as cells depleted of this proteins harbor 3 0 extended piRNA populations (Honda et al., 2013; Saxe et al., 2013) (Figure 1 ). Knockdown of Papi strongly reduces the trimming activity, whereas its overexpression enhances trimming, suggesting that Papi is a rate-limiting factor for piRNA maturation (Izumi et al., 2016) . Like Zucchini, silkworm Papi contains a transmembrane domain, which anchors the protein in the outer mitochondria membrane, but also a Tudor domain and two KH domains that potentially allow interactions with pre-piRNAs. The Tudor domain of Papi binds symmetric dimethyl-arginine (sDMA) modifications that are present in the Bombyx PIWI protein, Siwi, and are crucial for trimming (Izumi et al., 2016) . Importantly, through its physical interaction with Papi, Izumi et al. isolate the nuclease responsible for trimming, PNLDC1 (poly(A)-specific ribonuclease [PARN]-like domain containing 1), now renamed Trimmer.
Knockdown of Trimmer or expression of catalytically-inactive versions results in longer Siwi-and Ago3-bound piRNAs, with sizes between 35 and 40 nt. Strikingly, these 3 0 -extended, PIWI-associated pre-piRNAs share identical 5 0 ends with mature piRNAs. Based on sequence analyses from Tdrkh-depleted testes, piRNA biogenesis in mice is predicted to follow a similar route (Han et al., 2015; Mohn et al., 2015; Saxe et al., 2013) . In fact, when Mili-bound prepiRNAs were incubated with the murine PNLDC1/Tdrkh complex, these are resected to mature sizes suggesting similar processing mechanisms in mammals (Izumi et al., 2016) .
21U-RNA biogenesis in C. elegans has been thought to occur via a distinct, worm-specific mechanism. Indeed each 21U-RNA is individually transcribed with its 5 0 end defined by post-transcriptional processing that removes 2 nucleotides downstream of the initiation site. Transcription terminates approximately 3 nucleotides downstream of the mature 21U-RNA 3 0 end. Also in this issue, Tang and colleagues reveal a surprising convergence of piRNA pathways in worms and other animals with the finding that another PARN-family exonuclease, PARN-1, trims C. elegans piRNAs. PARN-1 is expressed in germ cells and localizes to P-granules, the worm equivalent of nuage (Tang et al., 2016) . Animals mutant for parn-1 contain 21U-RNAs bound to PRG-1 that are extended by 2 to 4 nt at their 3 0 termini. Though no physical interaction is detected between PRG-1 and PARN-1, it is reasonable to expect a conserved mechanism, with interaction being bridged by whichever protein represents the worm equivalent of Papi. Trimming by recombinant PARN-1 could be prevented by phosphorothioate modification, consistent with exonucleolytic digestion. PARN-1 was able to degrade pre-piRNAs in vitro only if they are not associated with PRG-1, hinting at the absence of a key co-factor in the cell-free assays.
Tang et al. report that parn-1 mutants show reduced fertility, a phenotype typical for piRNA mutants. However, although extended in size, pre-piRNAs in parn-1 mutants are not significantly less abundant than mature piRNAs and surprisingly still bear protective 2-O'-methylation marks at their 3 0 termini (Tang et al., 2016) . Instead, untrimmed piRNAs have reduced target-silencing activities and generate fewer 22G-RNAs (Tang et al., 2016) . In accordance with these findings, cleavage assays carried out with silkworm cell extracts also find that pre-piRNAs are less efficient in directing target cleavage than mature piRNAs (Izumi et al., 2016) .
Interestingly, mice and humans encode a testes-expressed PARN homolog, called PNLDC1, a candidate enzyme for mammalian trimmer. Flies and zebrafish, in contrast, lack apparent PARN-like exonucleases. Instead, the ends of some Drosophila piRNAs are resected by another exonuclease, Nibbler (Feltzin et al., 2015) . Nibbler is a member of the conserved DEDD exonuclease superfamily. Of note, several other DEDD family proteins play roles in small RNA pathways. The 3 0 end of Ago2-cleaved miRNA-451 in vertebrates is resected by PARN, while fission yeast Triman processes Dicer-independent priRNAs.
Considered together, these studies represent a substantial advance in our understanding of the mechanism of piRNA 3 0 end formation. Why did trimmer escape identification for so long? This could be down to the relatively mild phenotypes of animals with extended piRNAs or to the lack of a real need for a ''Trimmer'' in organisms, like Drosophila, where large-scale screens for piRNA pathway components have been carried out. Through the studies reported here and others in the past few years, it is now clear that the characteristic size profiles of piRNAs bound to various PIWI-clade proteins are likely a consequence of the interplay of endonucleolytic cleavage by Zuc (or slicing by a near-by ping-pong target) and exonucleolytic resection by Trimmer, in combination with the physical properties (''footprint'') of the PIWI protein. Epithelial-to-mesenchymal transition (EMT) is a reversible cellular process promoting invasiveness, traditionally believed to be the prelude to the process of metastasis, wherein cells within a primary tumor lose their epithelial characteristics and acquire both the phenotype and a transcriptional program reminiscent of mesenchymal cells (Kalluri and Weinberg, 2009 ). In contrast to adherent, sheet-like epithelial cells, mesenchymal cells lack apical polarity, lose their intercellular tight junctions, and secrete extracellular-matrix-degrading enzymes (such as metalloproteinases), rendering them capable of enhanced motility and invasive properties in vitro and competent for the metastatic cascade in vivo (Reymond et al., 2013) . During the process of EMT, there is evident cytoskeletal reorganization, accompanied by changes in expression of multiple transcription factors, surface receptors, and secreted ligands, which together contribute to the phenotypic manifestations of EMT (Kalluri and Weinberg, 2009) . Apart from its ascribed role in the process of metastasis, EMT has also been attributed to enhancing a cancer stem cell (CSC)-like phenotype within the neoplastic population, in conferring resistance to chemotherapeutic agents, and in enabling survival under conditions of extraneous stress, such as nutrient deprivation (Singh and Settleman, 2010) .
One of the best known inducers of EMT in cultured epithelial cells is transforming growth factor-b (TGFb), which, paradoxically, is known to be a growth suppressor in non-neoplastic epithelium but a tumor promoter in advanced cancers (Hanahan and Weinberg, 2011) . In cell culture experiments, TGFb ligand, acting in either a autocrine or paracrine manner, binds to cognate receptors on the cancer cell surface and mediates its signal through the Smad transactivator family of proteins to transcription factors such as Snail, Slug, Twist, or Zeb1 in inducing EMT (Hanahan and Weinberg, 2011) . TGFb has potent growth inhibitory effects on nonneoplastic epithelial cells, where it hinders cell proliferation by blocking cell-cycle progression at the G1 phase and by enabling suppression of oncogenic signals, such as Myc (Hanahan and Weinberg, 2011). During later stages of carcinogenesis, TGFb augments cancer invasion and metastasis through effects on various cellular populations within the tumor microenvironment, such as stromal cells, endothelial cells, and immune cells, promoting stromal ''activation'' and angiogenesis, while suppressing a productive anti-tumor immune response (Hanahan and Weinberg, 2011) . Other than such paracrine effects, however, the cell intrinsic role of TGFb engagement with cancer cells has been less obvious, although the prevailing assumption has been that of induction of a ''metastasis-promoting'' EMT as the most consistent outcome.
In this issue of Cell, David et al. (2016) provide elegant mechanistic data to elucidate the dichotomous effects of TGFb on pancreatic ductal adenocarcinoma (PDAC) cells (Figure 1 ). Specifically, under conditions of TGFb stimulation, absence of the common transactivator protein Smad4 in PDAC cells promotes tumor growth, while in its presence cancer cells undergo apoptosis. Notably, Smad4 inactivation is present in nearly
